Background: Use of contrast agents (CAs) during CT simula on for treatment planing system leads to changes in electron density. In this study we aimed to inves gate the effect on calculated dose of various concentra ons of CAs on treatment planing systems in different dose calcula on algorithms. Materials and Methods: Contrast agent (0.769 mg/ml Iopromid) -water mixtures at concentra ons of 0%, 1%, 2%, 5% and 10% in total volume of 500 ml for each were made by using five iden cal balloons. Calcula ons were performed by Cobalt-60 and 10 MV linear accelerator devices in CMS XIO treatment planning system. The prescribed dose of 100cGy was given to the center of balloon that is isocenter of SAD technique at 10cm from the surface. The doses at maximum dose depth (dmax) and at 5 cm were calculated according to the separate algorithms by either making or not making a correc on for CA, and the results were recorded. Results: In all algorithms, as contrast ra o increases, the dose values at dmax and 5 cm-depth increase accordingly. When the doses at dmax and 5 cm-depth were compared for Linac and Co-60 in all algorithms, it has been shown that the d max value of Co-60 was higher and the difference was greater in parallel with increasing contrast ra o in comparing with Linac. Conclusion:When required during the planning, the treatment plan should be calculated via providing an electron density correc on by contouring the volume retaining CAs along the beam line.
INTRODUCTION
In CT simulator-assisted CT scans of three-dimensional conformal radiotherapy (3-D CRT) and in more advanced radiotherapy techniques, contrast agents (CAs) are commonly used to more accurately contour the target volumes and off-target normal structures at risk by the help of treatment planning systems. Achieving a good treatment planning is highly dependent on acquiring precise CT images along with using clinical and physical information. Dose calculations are made by employing the treatment planning computer to create a voxel map of electron density of patients in order to use for dose calculations. Tissue containing CAs attenuates the CT X-rays greater than normal, resulting in a higher electron density than the actual density.
Growing body of evidences have reported the effect of CAs on the dose calculation. Ramm et al. reported an overdose of about 7.4% for the photon beams of 6 MV, and of 5.4% for 25 MV triggered by a bolus diameter of 3 cm and Houns1ield unit (HU) values of 1400 in a phantom study (1) . Many studies using either phantom or patients CT data in 3-D CRT and Intensity modulated radiotherapy (IMRT) treatment planning with various target organs reported the effect of CAs as less than 3% (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) .
In studies, although it is declared that the effect of CAs on dose calculations is ignorable in treatment planning (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) , a number of authorities suggest the employment of contrast correction, or use of non-contrast CT in radiotherapy planning (2, 6, 9, 12, 13) .
In the present study, effects of CAs on the alterations of electron density and the effect of these alterations on dose adsorption level in a number of different dose calculation algorithms for each CA concentration were investigated via creating a phantom modelling of 500 cc volume containing CA in various concentrations. Using CMS XIO treatment planning system, the effect of CA on the dose in 3-D treatment plans was determined. By comparing those 3-D treatment plans with the plans acquired after making a contrast correction, it was aimed to minimize the dose increase caused by CA.
MATERIALS AND METHODS
A mini water phantom with dimensions of ←30×30×30 cm was built by Plexiglass, and 1illed with 25 liters of water. Contrast agent (0.769 mg/ml Iopromid) -water mixtures at concentrations of 0%, 1%, 2%, 5% and 10% in total volume of 500 ml for each were made by using 1ive identical balloons. All balloons were 1ixed at the same point at the center of the water phantom, and images for CT slices of 5 mm thickness for each balloon were acquired separately by CT simulator (SIEMENS SOMATOM SENSATION 4) . Then, slices were transferred to the CMS XIO 4.34.02 therapy planning system via DICOM. In all sections, 3-D images were obtained by contouring the balloon and phantom edges. Calculations were performed by Theratron 1000E Kobalt-60 teletherapy and SIEMENS Oncor 10 MV linear accelerator devices in the CMS XIO treatment planning system according to the dose algorithm systems of Clarkson, Convolution, Standard Superposition (S. Superposition) and Fast Superposition (F. Superposition).
The doses at maximum dose depth (dmax), and at 5 cm of inhomogeneity contour depth were recorded in a manner that, 100 cGy dose was given to the center of the balloon from the 1ield of 10×10 cm 2 generated by a single 1ield SAD (d=10cm) technique. The doses calculated separately by either making a correction for CA (the density within the balloon was de1ined as 1 to the planning system), or making no correction for CA were recorded. Dmax dose values and electron densities were recorded as contrast corrected (CC) or non-contrast corrected (NCC) on the axis of the photon beam center belonging to the each algorithm in 1igure 1. Percent differences of the recorded doses (a-b/b) . 100) according to water (0% concentration and/or CC) and algorithms were calculated. 
RESULTS
In all algorithms for dose calculation based on the contrast concentration, electron densities were determined as equal. As it`s shown in table 1, there was no difference between dose values which a contrast correction was made or not in dose calculation algorithms, and in both dmax and 5 cm-depth in the balloon containing no contrast media. In all algorithms, as contrast ratio increases, the dose values at dmax and 5 cm-depth increase accordingly. When the doses at dmax and 5 cm-depth were compared for Linac and Co-60 in all algorithms, it`s been shown that the dmax value of Co-60 was higher and the difference was greater in parallel with increasing contrast ratio in all algorithms (table 1) .
In comparison of the dose calculation algorithms for all contrast ratios at the depth for dmax, the average increase in Dmax values between CC and NCC for the Linac 10 MV were as followings for each algorithm: 3.1% in the Clarkson algorithm, 3% in the Convolution algorithm, 2.2% in the S. Superposition algorithm and 2.2% in the F. Superposition algorithm (table 1, 1igure 2).
For the Co-60, the average increase in Dmax values for each algorithm were 5.8% in the Clarkson algorithm, 5.5% in the Convolution algorithm, 3.5% in the S. Superposition algorithm, and 3.6% in the F. Superposition algorithm (table 1, 1igure 3). Based on the same comparison between the two groups, the average increases in Dmax values at the 5 cm-depth for the Linac 10 MV were 3.1% in the Clarkson algorithm, 3% in the convolution algorithm, and 2.2% in both the S. Superposition algorithm and the F. Superposition algorithm (table 1, 1igure 4) . For the Co-60, the average increases in Dmax values were 5.8% in the Clarkson algorithm, 5.6% in the Convolution algorithm, 3.7% in the S. Superposition algorithm and 3.9% in the F. Superposition algorithm (table 1, 1igure 5).
It has been shown that the electron densities determined by treatment planning system increase linearly with the increase of contrast concentration (table 1, 1igure 6).
DISCUSSION
Since the use of contrast agents initiates an increment in HU values, it causes some alterations in electron densities. Alterations in electron densities in slices of CT scans are very important for radiotherapy practice. CAs used in CT simulations may cause an inappropriate evaluation of the dose distribution in patients by affecting organ densities on CT images. Signi1icant relative increases of HU caused by use of CAs were shown for several targets including liver, kidneys, spleen and thyroid in a range of 22% to 74% (14) . In present study, the electron density increased with the increasing ratios of CAs, as in the environments with the contrast levels of 0, 1, 2, 5 and 10%, the electron density measured by all the algorithms were 1.0, 1.08, 1.16, 1.33 and 1.57, respectively.
Ramm et al. (1) have observed in their study employing plastic containers in the diameters of 3, 6 and 9 cm containing barium sulfate in varying concentrations that the overdoses of about 7.4% for the photon beams of 6 MV, and of 5.4% for 25 MV triggered by a bolus diameter of 3 cm and 1400 HU have occurred. In their study, it has been emphasized that the environment comprising contrast media in smaller than the diameter of 5 cm and fewer than 500 HU may cause MU increment around 1-3%. In the present study, it was shown that as the electron density of environment increased, the dose differences increased in all algorithms. In the environment with 10% concentration (electron density of 1.57), the dose differences calculated by Clarkson algorithm for 10MV and Co60 were determined as 8.1% and 14.5%, respectively. In the conditions with the concentrations of 1% and 2% (electron density of 1.08 and 1.16, respectively), the dose differences acquired via Clarkson algorithm for 10MV and Co60 were found as 1.1-2.2% and 2.2-4.2%, respectively (1) .
A number of studies carried out on phantom have determined the effect of the dose of CAs varying between 2-7% (12, 15, 16) . Lees et al. (15) have investigated dose alterations calculated at various gantry angles by the XIO (version 4.1.1) super position algorithm on the contrast-enhanced or noncontrast-enhanced CT sections belonging to the three patients for each on a phantom, and have documented fewer than 2% increment in calculated doses with the contrast use. In that study, it has been suggested that the use of contrast may have an effect of a minimal dose increment on the treatment planning system.
In many studies, it has been foreseen that the contrast use in head and neck treatment plans could cause very small, negligible dose differences on dose distribution in the IMRT treatment plan (2) (3) (4) (5) . In a study conducted by Letourneau et al. (2) , a comparison in the doses received by the target organs and the organs at risk was made, and the differences between the two dose calculations (before and after the density alteration) were evaluated by replacing the increased densities of blood vessels with contrast to water equivalent (1.00 g/cm 3 HU of 0) on acquired contrast-CT images. In this study, a clinically relevant `no contrast` model has been achieved, and the change in planning target volume (PTV) coverage was kept minimum between the plans with and without contrast. The volume of the PTVs covered by the 93% and 100% isodoses changed on average by 0.57%. The minimum dose to PTVs varied by a maximum of 0.17 Gy. The maximum point dose to critical organs changed by a maximum of 0.12 Gy (brainstem). Non-physiologic extremes of density within blood vessels also resulted in minimal changes in tumor or normal tissue dosimetry. The use of IV contrast at time of CT-simulation does not signi1icantly affect dose calculation in head and neck IMRT plans. In our study, based on the contrast concentrations in the developed phantom for dose calculation in all algorithms, the electron densities were determined as equal. No difference was recorded between the doses in which either a contrast correction was made or not in dose calculation algorithms, and in both dmax and 5 cm-depth in the balloon containing no contrast media. In all algorithms, the dose values at dmax and 5 cm-depth increased in parallel with increasing contrast ratios. When the doses at dmax and 5 cm-depth were compared to Linac and Co-60 in all algorithms, the dmax value of Co-60 was higher and the difference was greater accordingly to the increasing contrast ratio in all algorithms (table 1) .
In treatment plans made by 3-DCRT and IMRT, an effect of CAs was investigated in lung cancers, and its effect on dose was determined negligible (3% at maximum) (6) (7) (8) (9) . In a study conducted by Fayda et al. (6) on patients with lung cancer, the dose changes of CAs for simulation purposes calculated by various algorithms in two different treatment planning systems were evaluated. It was shown that the mean MU change was +1.3% (-1% to +3.2%). Based on this outcome, it was suggested that 3D planning of the lung would better be performed by combinatory use of non-contrast CT and contrast-CT in treatment planning and creating volumes, respectively.
In another study, Shibamoto et al. (10) investigated MU changes caused by contrast use in CT planning for brain, neck, upper abdomen and pelvic area. In all areas except upper abdomen, it was shown that contrats retention did not cause any signi1icant MU change. In upper abdomen, though, signi1icant dose increments up to 2% were reported, especially with the contrast retention in the right lobe of liver.
In their patient-oriented study conducted with Cyberknife, Kim et al. (17) have found a difference around 2% in dose distribution with contrast use in Cyberknife treatment plan, but it was also emphasized that the differences increased up to 7.8% based on the target position. Besides the effect of contrast use, a greater difference as high as 20% could be seen owing to the calculation algorithms.
According to these results, although it is declared that the effect of CAs on dose calculations is ignorable in treatment planning (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) , a number of authorities suggest the employment of contrast correction, or use of non-contrast CT in radiotherapy planning (2, 6, 9, 12, 13) . Consequently, under the shed of the current 1indings, it is considered that 3-D radiotherapy planning can be performed using contrast-CT slices, and dose alterations occurred in target volumes are negligible. On the other hand, it should be remembered that, depending on causing an increase in electron density, an addition of contrast agent may cause dose increments in the organs at risk for various area corrections and algorithms in a personal manner. When required (especially situations in which electron density exceeds), dose should be calculated again after making a correction of electron density via contouring volume retaining contrast on the beam way in a planning system.
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